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Abstract       
The present study investigated the sensitivity and specificity of the Hopkins Verbal 
Learning Test (HVLT) for demented patients (n=82, using NINCDS criteria) and 114 
healthy controls - equivalent in age, years of education and gender–ratio - from the 
Oxford Project To Investigate Memory and Ageing. The HVLT ‘Total recall’ score had 
87% sensitivity and 98% specificity for dementia using a cut-off score of 14.5. Using a 
'Memory' score (the sum of the 'Total Recall' and the 'Discrimination Index') with a cut-
off score of 24.5 gave a 91% sensitivity and 98% specificity for Alzheimer’s disease 
cases when compared to controls. Unlike the MMSE, the HVLT has no ceiling effects 
and does not have to be adjusted for education. We conclude that the HVLT is an easy 
to administer, quick and well tolerated tool for the screening of dementia. 
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Introduction 
 
Dementia is characterised by a decline in memory and other cognitive functions, 
which impact on social and occupational performance. It is primarily a clinical diagnosis, 
which cannot be determined by laboratory findings alone [1]. When screening for 
dementia in large population studies and intervention trials, the tests used should ideally 
be short, reliable and easy to administer. The Hopkins Verbal Learning Test (HVLT) is 
claimed to fulfil these criteria. While most verbal memory tests are lengthy and complex, 
the HVLT is brief, is well tolerated by patients and was found to have no ceiling effects 
[2]. By comparison, the Cambridge Cognitive Examination (CAMCOG), a test battery 
developed to assess early dementia in older people [3] takes approximately 30 to 60 
minutes to administer. An advantage of the HVLT over the widely used 5-10 minute Mini-
Mental State Examination (MMSE) in the assessment of dementia [4] is its 6 equivalent 
or parallel forms, which allows serial testing with minimal learning effects [5-8]. In 
addition, the HVLT (like the CAMCOG) has a slightly higher sensitivity to detect mildly 
demented subjects than the MMSE [9]. 
 The HVLT has been found to have a particularly high sensitivity and specificity for 
Alzheimer’s disease (AD), the most common form of dementia [2, 10, 11]. The original 
validation study of the HVLT [2] investigated 45 subjects with probable AD, 3 
amnesiacs and 18 healthy subjects aged 65 and older. They reported 94% sensitivity 
and 100% specificity for moderate to severe AD. A later study reported 96% sensitivity 
and 80% specificity for mild dementia (MMSE > 18) [9]. In studies of its discriminative 
capacity for different types of dementia, the HVLT was found to have a moderate 
(64%[10] to 77% [11]) correct classification rate for AD and Vascular Dementia (VaD). 
 However, most of these studies included very healthy elderly controls [2, 5] without 
any major co-morbidity, but did not apply the same criteria for the patient group. In 
addition, potential confounds like age, gender, education [2] and depression  [2, 11], 
were not always adequately controlled for. These factors have been found to be risk  
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factors for both AD and poor memory function and therefore studies not controlling for 
these factors may have overestimated the discriminative capacity of the HVLT. The 
present study further tested the specificity and sensitivity of the HVLT, in terms of its 
ability to discriminate between controls and clinically diagnosed patients with dementia 
while controlling for these confounds. Diagnostic assessments were done by two 
independent experienced clinicians. In an earlier study, the agreement between our 
clinicians and the accuracy, specificity and sensitivity of clinical diagnostics when 
compared to histopathological criteria was found to be good [12].  
 
 
Materials and methods 
 
 Subjects 
 This study was part of the ongoing Oxford Project To Investigate Memory and Ageing 
(OPTIMA) [13]. For the present study, 114 patients and 119 controls were included. 
Patients were usually referred to OPTIMA by their family physician from the 
Oxfordshire region because a dementia syndrome was suspected. Consecutive 
community dwelling, self-caring volunteer controls participated from the ongoing 
Foresight-Challenge study [14]. All subjects had undergone extensive medical 
screening at enrolment.  
 We excluded all cases without an informant, those with a MMSE score below 9 and 
those aged younger than 55 years at assessment (n=3). Controls were excluded when 
they scored lower than 24 on the MMSE or when they had a recent history of 
cerebrovascular disease (stroke, n=1). Co-morbidity or medication use was not a 
reason for exclusion, unless our clinicians considered it to interfere significantly with 
cognitive function (e.g. in case of alcohol abuses, see results section). Informed 
consent for all participants and ethical approval had been obtained prior to the study. 
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 Diagnostic  assessment 
 Medical history, neurological examination, brain scans (CT or MRI and SPECT), and 
blood studies were reviewed for all participants. Diagnoses of normal functioning for 
age, Mild Cognitive Impairment (MCI) [15], Vascular Cognitive Impairment (VCI) 
according to the Hachinski criteria [16], possible or probable AD (NINCDS/ADRDA[1]), 
VaD (NINCDS/ AIREN [17]), other types of dementia, and psychiatric and neurological 
disorders (DSM-IV [18]) were made blinded to the HVLT performance of the subjects. 
Consensus meetings were held for ambiguous cases. In an earlier study, our clinicians 
had a substantial inter-rater reliability using NINCDS criteria (unweighted kappa=0.7). 
In addition, the clinical diagnosis of AD based on NINCDS/ADRDA criteria had 86% 
sensitivity and 79% accuracy when compared with the histopathological confirmed 
definite AD diagnosis (CERAD) [12].  
 Depression was taken into account by using the self-report depression scale of the 
Cambridge Examination for Mental Disorders of the Elderly (CAMDEX[3]). This 
examination also provided information about years of education. For patients, this 
information was obtained through an informant interview. For comparison, we included 
the MMSE score from the CAMDEX. 
 
 The Hopkins Verbal Learning Test (HVLT) 
 The HVLT consists of a 12-item word list, composed of four words from each of 3 
frequently printed semantic categories (e.g. ‘precious stones’; ‘human shelter’; 
‘animals’) which subjects should recall in any order after the list has been read to them. 
This procedure is repeated 3 times. From this part of the test a total of the 3 free recall 
trials (‘Total recall’, cut-off score 10) is derived. Then, for a yes/no recognition, a list of 
24 words is read, which consists of the 12 original words, 6 distractors from the same 
semantic categories (related false positives or FP-related) and 6 unrelated distractors 
(unrelated false positives or FP-unrelated). From this part of the test, the 
'Discrimination index' (cut-off score 19) can be obtained. 
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 Statistical analyses 
 The HVLT provides two basic summary scores. The ‘Total Recall’ score is defined as 
the total frequency of correctly recalled items from all three free recall parts of the 
HVLT (=T1 + T2 + T3). The recognition 'Discrimination Index' is calculated as (true 
positives – false positives). We also calculated ‘Learning’ which is the higher of either 
trial two or three minus the number recalled on trial 1. Lastly, a combination ‘Memory’ 
score was computed of the sum of ‘Total Recall’ and the ‘Discrimination Index’ to see if 
this would increase the discriminative ability of the test. 
 Demographic variables (age, gender-ratio, education in years, depression) were 
compared between groups using non-parametric Mann-Whitney and Chi square tests. 
We used Pearson’s correlations to assess which characteristics were associated with 
dementia and the performance of the HVLT and MMSE subscores.  
 For the HVLT ‘Total Recall’, the 'Discrimination Index', the combination ‘Memory’ 
score and the MMSE, we produced Receiver Operating Characteristics (ROC) curves 
to examine the discriminative validity when screening for dementia. Cut-off scores were 
determined for maximum sensitivity and maximum (at least 98%) specificity. We also 
assessed whether the HVLT and MMSE variables had discriminative capacity for AD 
versus controls. 
  We performed logistic regression (backward conditional) using the cut off scores of 
the HVLT variables (‘Total Recall’ and the combination ‘Memory’ score) with the 
highest specificity (as obtained with the ROC curve analyses) as the dependent 
variables. In these stepwise analyses, we included dementia (yes/no) and potential 
confounds such as age, gender, education and depression as independent variables. 
These analyses tested whether cut-off scores for the HVLT needed to be modified 
according to patient characteristics (age, education, gender, depression). For 
comparison, we did the same for the MMSE. All analyses were conducted in SPSS. 
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Results 
 
 Subjects 
 Of the 119 controls screened, 5 were excluded (1 with VCI, 3 were psychiatric cases 
and 1 had a neurological disorder). Of the 111 patients originally referred as demented, 
29 were excluded (9 had MCI, 5 VCI and 4 were controls, 9 were psychiatric cases and 
2 subjects had a neurological disorder).  
 We thus included 114 controls (which included 8 subjects with MCI) and 82 mild to 
moderate demented cases (MMSE 9-28) in the analyses. Of the demented group, 68 
(82%) were diagnosed as AD (29 possible and 31 probable AD and 8 mixed AD/VaD 
cases), 6 as VaD, 3 as Lewy Body Dementia (LBD) and 5 as other types of dementia 
(ODS, such as frontotemporal dementia).  
 
 Demographics 
 The demographic characteristics of the demented (AD, VaD, mixed, LBD, ODS) 
versus control participants (controls, MCI) were compared using Mann Whitney tests 
and Chi square (for gender ratio). There was no difference in age (Z=-1.17, p=0.24; 
mean age 75 years SD 7), gender ratio (49% females in controls, 42% in demented 
χ2=1.29, p=0.23, and 46% in AD, χ2=0.30, p=0.58), or years of education (Z=-1.47, 
p=0.14, mean 11 years SD 2) between groups. There was a significant difference 
between groups in CAMDEX derived depression scale scores (Z=-5.49, p<0.000001, 2 
± 2 in controls Vs 4 ± 3 in the demented groups on average) but all scores were still 
within the normal range (0-11). With regard to demographic characteristics, there was 
no difference (compared to the demented group overall) when the AD group was 
compared to controls separately.  
 
-insert table 1- 
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 Pearson’s correlations showed the dementia group had a lower performance than 
controls on the ‘Total Recall’ (r=-0.81, p <0.0001), the ‘Learning’ score (r=-.43, p 
<0.0001), the ‘Discrimination Index’ (r=-.66, p <0.0001), the combination ‘Memory’ 
score (r=-.82, p <0.001) and the MMSE (r=-0.80, p <0.0001) (see also table 1). The 
MMSE performance was associated with the ‘Total Recall’ (r=0.79, p <0.0001), the 
‘Learning’ score (r=0.44, p <0.0001), the ‘Discrimination Index’ (r=0.74, p <0.0001), the 
combination ‘Memory’ score (r=0.84, p <0.0001).   
 Older subjects had a slightly lower ‘Total Recall’ (r=-.16, p<0.05) and combination 
‘Memory’ score (r=-.15, p<0.05). A scatter plot revealed a slight decrease in ‘Total 
Recall’ performance with age but this was mainly apparent for controls. The 
percentage of variance explained by age on this measure for controls was larger 
(R2=0.03) than for cases (R2=0.007). For example, at 60 years of age, controls had an 
average performance on the ‘Total Recall’ of 24.5, while cases scored 11.5 at that age. 
At 90 years of age, controls had an average ‘Total Recall’ performance of 21 
(difference=3.5), while cases scored 10 (difference=1.5).  
 A higher MMSE (but not ‘Total Recall’) was associated with having had more years of 
education (r=0.16, p=0.02). Scatter plots (fig. 1) showed that this effect was mainly 
apparent for the demented cases on the MMSE. The percentage of variance of the 
MMSE performance explained by education was higher for the cases (R2=0.04) than for 
controls (R2=0.004, see fig. 1).  
 Members of the dementia group were more likely to have a higher depression score 
(r=.40, p <0.0001). The depression score also increased with age (r=.15, p<0.05). and 
was associated with a lower performance on all the tests, the MMSE (r=-.21, p 
<0.0001), the ‘Total Recall’ (r=-.31, p <0.0001), ‘Learning’ (r=-.19, p<0.001), the 
‘Discrimination Index’ (r=-.21, p<0.005) and the ‘Memory’ score (r=-.31, p <0.0001). 
There were no associations with gender and the cognitive tests. 
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- insert fig 1- 
 The ROC curves were produced by plotting the sensitivity against the 1-specificity for 
each score on the HVLT ‘Total Recall’ in discriminating between demented cases 
versus controls (fig. 2) and between AD cases versus controls. In table 2, a summary 
of the ROC curve analyses for detecting dementia and AD is shown with the cut-off 
scores (and corresponding sensitivity and specificity) for the HVLT ‘Total Recall’, 
‘Discrimination Index’, combination ‘Memory’ score and the MMSE. The ‘Total Recall’ 
showed a slight trend for a better sensitivity than the MMSE using a cut-off score of 
14.5. The ‘Total Recall’ and the combination 'Memory’ score had a slightly lower 
specificity with similar sensitivity when compared to the MMSE but this depended on 
the cut-off score used (e.g. 100% sensitivity favoured the HVLT parameters). The 
combination ‘Memory’ score gave a better overall discrimination for AD patients than 
the MMSE. Using a cut-off score of 24.5 and 98% specificity for both tests, rendered 
91% sensitivity for the combination ‘Memory’ score and 85% for the MMSE (table 2).  
-insert table 2- 
-insert fig 2- 
 Stepwise backward conditional logistic regression entering age, gender, education, 
depression and dementia (y/n) showed that for the HVLT ‘Total Recall’ score (recoded 
as below ‘0’ and equal to or above ‘1’ the cut-off score of 14.5) dementia was the only 
significant predictor of performance (correct classification of 94%). Similar results were 
found for the combination 'Memory' score (recoded as below ‘0’ and equal to or above 
‘1’ the cut-off score of 24.5, correct classification 93%). For the MMSE (using a cut-off 
score of 24.5, correct classification of 91%) belonging to the dementia category was a 
significant predictor of performance. There were also trends for both education 
(p=0.10) and depression (p=0.07) in predicting performance below the cut-off of 24.5 of 
the MMSE. Using AD instead of dementia as an independent variable, gave for the 
‘Total Recall’ and the 'Memory' score a 95% and for the MMSE a 93% correct 
classification score. No other variables were entered. 
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 Discussion 
 
 We investigated the sensitivity and specificity of the HVLT, in terms of its ability to 
distinguish between controls and cases with mild to moderate dementia and its ability 
to discriminate between patients with Alzheimer’s disease (AD) and controls. We found 
that the ‘Total Recall’ with a cut-off score of 14.5 discriminated well between patients 
and controls. The ‘Discrimination Index’ by itself did not add much in terms of its 
discriminative capacity but in combination with the ‘Total Recall’ (the ‘Memory’ score), it 
was seen to give a good classification rate, especially for AD. The comparison of the 
HVLT parameters with the MMSE, in terms of its sensitivity and specificity is limited by 
our selection criteria for controls (MMSE had to be higher than 24).  
 However, the distributions of the HVLT ‘Total Recall’ and MMSE were clearly 
different. A ceiling effect was evident for the MMSE, with 30% of controls having 
perfect scores. No controls scored perfectly on the HVLT (fig.3). In addition, the MMSE 
performance was better with higher education, which may require adjustment of the 
individual scores. These factors make the HVLT more useful for screening purposes. 
 Depression scores (within the normal range) were associated with a poorer 
performance on all the cognitive test parameters. Interestingly, most of the psychiatric 
cases (n=9), who were excluded from analyses, did not perform below the cut-off point 
of 14.5 on the ‘Total Recall’. Three cases performed below the cut-off score, all of 
whom had complex histories of treatment resistant depression (with ECT), substance 
abuse and suspected organic brain syndrome. In addition, although depression scores 
were higher (but again within the normal range) in the demented cases, depression did 
not explain the dementia-related variance of HVLT test performance. It should also be 
kept in mind that these data, unlike those for the controls, were obtained from 
informants, which may not always be accurate (i.e. informants may overestimate 
depression, whilst controls could be less likely to report a depressed mood). 
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 Our findings are largely in concordance with the results of earlier studies which 
reported a slightly higher discriminative capacity of the HVLT than ours. A closer look 
at the other studies [2, 5, 9, 11] revealed that our controls had a slightly lower 
performance than theirs. This may be explained by their very rigorous health screening 
of controls [2, 5] or the lack of control for age, education, gender [2] and depression [2, 
11]. These factors may have overestimated the normal performance of elderly subjects 
in the previous studies. In our study, controls were only excluded if disease was 
thought to be implicated in cognitive dysfunction, not a priori. In addition, we included 
subjects with MCI which gives a more realistic reflection of the elderly clinical 
population who are not demented. Our cut-off score of 14.5 for ‘Total Recall’ was 
higher than the original 10 as suggested by Brandt [2]. Our AD patients were in the 
early stages and had high MMSEs, which may have made the difference between 
groups smaller. Our ‘Discrimination Index’ also showed a lower discriminative capacity 
compared to the other studies. Craik and Byrd [19] have shown that elderly subjects 
perform poorly on tasks with little environmental or contextual support. Recognition has 
more contextual support than recall, which makes it less sensitive to earlier stages of 
dementia.  
 There was a difference in the discriminative capacity of the HVLT variables for 
controls and dementia overall and AD by itself. Box plots (fig. 4) showed that the VaD 
patients (who had been included in the dementia group) had a higher performance 
than any of the other types of dementia groups, including AD, particularly on the ‘Total 
Recall’. Overall, VaD patients had a lower performance than the controls but performed 
similarly to the MCI, VCI, psychiatry and neurological cases. This may reflect the 
general difficulty in distinguishing the latter categories from dementia [20, 21]. 
However, numbers in these groups were considered too small to draw conclusions 
even though post hoc analyses showed that the differences were statistically 
significant. It is important to be able to discriminate between different types of dementia 
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early in the disease as they may require different treatment strategies. Other studies 
have found that verbal memory tests with list recall, like the Californian Verbal Learning 
test, can discriminate between VD and AD [22]. However, one of the major criticisms is 
that these tests usually take a long time to administer. In contrast, the HVLT is easy to 
administer, quick and is well tolerated by participants. Most importantly, the HVLT does 
not have ceiling effects and is not sensitive to educational levels (unlike the MMSE) 
and hence needs no adjustment for the individual scores.  
 -insert fig 4- 
 
Conclusion 
 
 We have found that the HVLT discriminated well between demented cases and 
controls and is a useful tool in clinical and epidemiological practice. The cut-off score of 
14.5 of the HVLT ‘Total recall’ score was shown to give a good discrimination between 
cases and controls. In this study we were mainly concerned with obtaining the highest 
specificity (> 98%, i.e. correctly identifying controls). If the sensitivity needs to be higher 
for research purposes, a higher cut-off for the ‘Total Recall’ of 19.5 or the use of the 
‘Memory’ score with a cut-off point of 24.5 is advisable. 
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Fig.1. Scatter plots of HVLT ’Total Recall’ (TOT_REC) and MMSE versus education (EDUC)  
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Fig. 2.   ROC curve of the sensitivity and specificity of the HVLT’ Total Recall’ in demented vs 
controls 
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Fig. 3. Scatter plot of the HVLT ‘Total Recall’ against the MMSE with different cut-off scores 
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Fig. 4. 
Box plot of the median performance of different diagnostic groups on the HVLT ‘Total Recall’ 
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Table 1. The performance of the different groups on the individual HVLT trials (T1 to T3), the 'Total 
Recall; ‘Learning’ the ‘Discrimination index’, the 'Memory' score and the MMSE 
  
      
 
Variable 
  
Controls 
 
Demented overall 
 
AD (separate) 
HVLT    
T1   5.95 (1.57) 2.73 (1.46)*** 2.59 (1.39) *** 
T2   7.84 (1.85) 3.68 (1.57) *** 3.52 (1.42) *** 
T3   9.20 (1.90) 4.30 (1.81) *** 4.13 (1.59) *** 
Learning  3.27 (1.72) 1.76 (1.40) *** 1.74 (1.39) *** 
Total Recall  22.99 (4.49) 10.72 (4.24) *** 10.24 (3.70) *** 
Discrimination Index 10.84 (1.07) 6.99 (3.08) *** 6.65 (3.07) *** 
False Positives-related .84 (.93) 2.12 (1.46) *** 2.24 (1.46) *** 
False Positives-unrelated .53 (.26) 1.20 (1.44) *** 1.35 (1.48) *** 
Combination 'Memory' score 33.83 (4.88) 17.71 (6.24) *** 16.88 (5.62) *** 
MMSE   28.52 (1.45) 20.04 (4.60) *** 25.27 (5.16) *** 
N   114 82 68 
      
      
***= Mann-Whitney U test asymp. significance p<0.00001 (2-tailed) 
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Table 2.  Specificity and sensitivity of different cut-off points for the HVLT 
and MMSE in discriminating between controls and demented and AD as 
determined by ROC curves 
 
Area 
 
Std. Error 
 
      95% C.I. 
 
Sign. 
 
Cut-off 
 
Sensitivity
 
Specificity
 
Total recall: demented – controls 
 
0.97 0.01 0.95 - 0.99 0.0001 14.5 87% 98% 
    19.5 95% 77% 
       20.5  100% 71% 
Total recall: AD – controls  
0.98    0.008 0.97 - 0.99 0.0001 14.5 91% 98% 
    19.5 99% 77% 
    20.5 100% 71% 
Discrimination Index: demented – controls 
0.88 0.03 0.83 - 0.94 0.0001 7.5 51% 100% 
    11.5 94% 34% 
Discrimination Index: AD – controls 
0.9 0.03 0.85 - 0.96 0.0001 7.5 57% 100% 
    11.5 94% 34% 
Memory: demented – controls  
0.98 0.01 0.96 - 0.99 0.0001 24.5 84% 98% 
    30.5 99% 75% 
    31.5 100% 69% 
Memory: AD – controls  
0.99 0.01 0.98 - 0.99 0.0001 24.5 91% 98% 
    28.5 99% 86% 
    30.5 100% 75% 
MMSE: demented – controls  
0.98 0.01 0.97 - 0.99 0.0001 24.5 83% 98% 
    27.5 98% 82% 
    28.5 100% 57% 
MMSE: AD – controls     
0.98 0.01 0.97 - 0.99 0.0001 24.5 85% 98% 
    27.5 99% 82% 
   28.5 100% 57% 
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Fig.1. Scatter plots of HVLT ’Total Recall’ (TOT_REC) and MMSE versus education (EDUC)  
 
Fig. 2.   ROC curve of the sensitivity and specificity of the HVLT’ Total Recall’ in demented vs 
controls 
 
Fig. 3. Scatter plot of the HVLT ‘Total Recall’ against the MMSE with different cut-off scores 
 
Fig. 4. 
Box plot of the median performance of different diagnostic groups on the HVLT ‘Total Recall’ 
 
Table 1. The performance of the different groups on the individual HVLT trials (T1 to T3), the 
'Total Recall’; ‘Learning’ the ‘Discrimination index’, the 'Memory' score and the MMSE 
 
Table 2.  Specificity and sensitivity of different cut-off points for the HVLT and MMSE in 
discriminating between controls and demented and AD as determined by ROC curves 
 
